Oxidized low-density lipoprotein (LDL) is considered a risk factor in atheroscle rosis, and polyphenols are the potential agents to inhibit the oxidation of LDL. We deter mined the polyphenol contents and the antioxidant activities of commonly consumed vegetables in Vietnam and assessed the quantity of the polyphenol intake from vegetables in the current Vietnamese diet. The polyphenol contents in 30 kinds of vegetables was deter mined by the Folin-Ciocalteu method. The antioxidant activities of vegetables were evalu ated by measuring the oxidation of LDL and the reduction of the 1,1-Biphenyl-2 -picrylhydrazyl (DPPH) radical. In this study, some herbs and edible wild vegetables possessed high contents of polyphenols and antioxidant activities. Among green vegetables, sweet potato leaves showed both a high polyphenol content and antioxidant activity. The mean polyphenol daily intake of the Vietnamese was a 595mg catechin equivalent. Water spin ach, a kind of green vegetable, contributed the highest amount (45%) of the total polyphe nol intake, followed by other green vegetables. Neither herbs nor edible wild vegetables contributed significantly to the total polyphenol intake due to their low consumption. Green vegetables are therefore considered very important sources of polyphenol intake for the Viet namese.
The important roles of vegetables and fruits in health have been recognized in many studies. Associations between the high consumption of vegetables and fruits and a low risk of cardiovascular diseases have been reported (1) (2) (3) (4) (5) . Since the Zutphen Elderly Study (6) showed an inverse relation between the flavonoids in take and cardiovascular disease mortality, much atten tion has been given to the roles of polyphenols in vege tables and fruits (7) (8) (9) . Polyphenols are abundant antioxidants in our diets and may protect the tissues in the body against oxidative stress and decrease the risk of cardiovascular diseases (8, 9) .
In the big cities of Vietnam, the prevalence of cardio vascular diseases has recently increased along with changes in lifestyles and dietary patterns (10) (11) (12) (13) . The oxidation of low-density cholesterol (LDL) which is con sidered crucial in atherosclerosis can be inhibited by polyphenols in vegetables. Vegetables, which are a main contributor in the Vietnamese diet might contain a pro tective agent for atherosclerosis like polyphenols. How ever, there has so far been no study on the content of polyphenols in Vietnamese vegetables. This study was *To whom correspondence should be addressed . lettuce, cabbage and balsam pear. The free-radical scavenging capacity of polyphenols in vege tables To evaluate the free-radical scavenging activity of polyphenols in vegetables, we used a method to mea sure the reduction of DPPH radical. The free-radical scavenging capacity of polyphenols in vegetables was expressed in the indices called EC50 and PAOXIDPPH (Table 3 ). The higher PAOXIDPPH these vegetables had, the better their antioxidant capacity. In this study, the PAOXIDPPH of herbs ranged from 120.2 in coriander to 737.5 in finger grass while the PAOXIDPPH of edible wild vegetables ranged from 114.7 in peristrophe rox burghiana to 595.2 in centella asiatica. The PAOXIDPPH of dark green and the other vegetables was the highest in sweet potato leaves (595.2 ), and the lowest in bam boo shoots (13.2). The herbs with the lowest value of EC50 were finger grass and polygonum aviculare (3.1nmol). Among edible wild vegetables, centella asi- Table 4 .
The inhibition of LDL oxidation in vegetables.
IC50: The amount of polyphenols (as catechin) needed to obtain a 50% inhibition of oxidized LDL. PAOXIlagtime: Polyphenol antioxidant index in inhibition oxidized LDL. atica possessed the lowest values of EC50 (3.1nmol). Chrysanthemum and water cress had the lowest EC50; (2.4 and 2.6nmol, respectively) in the group of dark green and other vegetables. The correlation (r2=0.84, n=30, p<0.0001) be tween the free radical scavenging activity of vegetables (equivalent to ascorbic acid concentration) and the free polyphenol content is shown in Fig, 1 . The inhibition of LDL oxidation of polyphenols in vegetables.
The antioxidant activities of both total and free polyphenols in the vegetables to inhibit LDL oxidation in vitro (expressed as IC50 and PAOXIlagtime) are given in Table 4 . In the herb group, finger grass possessed the highest value of PAOXIlagtime in terms of total polyphe nols (2.86) and beefsteak possessed a high value of PAOXIlagtime (2.05). Centella asiatica, a kind of edible wild vegetable, had the second highest antioxidant activities in terms of total polyphenols (PAOXIlagtim e=2. 23). Among dark green and the other vegetables, sweet potato leaves had the highest PAOXIlagtime level in both total and free polyphenols. The lower the IC50 level, the stronger the antioxidant activities of the vege tables. Similar to the results of DPPH experiment, the lowest IC50 level of herbs belonged to polygonum avicu lare (10.1nmol) and finger grass (10.7nmol) and cen tella asiatica had the lowest IC50 level (12.8nmol) in the group of edible wild vegetables. Among dark green and the other vegetables, chrysanthemum had the low est IC50 value (13.2nmol). Figures 2A and B show the correlation between the LDL lag time prolongation rate and the total (r2=0.71, n=30, p<0.0001), and free polyphenol contents of the vegetables (r2=0.83, n=30, p<0.0001). PoIyphenol intake from vegetables in the Vietnamese diet
The polyphenol content of vegetables were used to calculate the total intake of polyphenols from vegetables in the diet of 289 Vietnamese people. The results showed that the polyphenol intake from vegetables was equivalent to 595mg of catechin. The percentage of polyphenol intake for each vegetable is shown in Fig. 3 . Regarding the polyphenol intake from vegetables of this Vietnamese population, 45.1% came from water spin ach and only 1.1% came from herbs. In addition, other important sources of polyphenol intake are other green vegetables such as asparagus beans (13.8%), sauropus leaves (12.5%) and pumpkin leaves (11%).
DISCUSSION
Antioxidants may protect the tissues against free-rad ical initiated damage and protect LDL from oxidation. Since oxidized LDL is thought to be involved in the ini tial arterial injury and the formation of the fibrous plaque, protection by antioxidants as polyphenols in vegetables has a great potential in the prevention of car diovascular diseases. This study is the first report to measure the polyphenol contents and the antioxidant activities of commonly consumed vegetables in the Viet namese diet.
The antioxidant activities of herbs were strong for both the free radical scavenging activities and for inhib iting the LDL oxidation, and the reason for this is likely due to their high polyphenol content. The polyphenol content in one particular herb (smartweed) was approximately five times that in water spinach, which is the most frequently consumed green vegetable in the Vietnamese diet. The high content of polyphenols in herbs was in accordance with the findings of other studies in Japan and Denmark (24, 25) . In the study in Japan, the total polyphenol concentration of 59 plant foods determined by HPLC showed that herbs such as parsley, celery, peppermint, sage, oregano and thyme contained high levels of aglycon of flavones and fla vonols (24) . The Denmark study also showed that some herbs are excellent sources of flavonoids. Ouercetin and 
